ABSTRACT This paper investigates the problem of relay selection in simultaneous wireless information and power transfer network, where the relay nodes can harvest energy from received radio frequency signals. The source node transfers energy and information to the relay node through two mechanisms: 1) time switching-based relaying and 2) power splitting-based relaying. In the proposed algorithm, in order to maximize the system throughput, the relay node is selected from the candidate relay nodes depending on the maximum transmission from the relay node to the destination node, the candidate subset consists of the relay nodes with more transmission rate from source node to relay node. Other relay nodes in the subset can keep dormant or continue to harvest energy when the chosen relay node transmits information. The simulation results show that the throughput of the proposed algorithm outperforms the existing algorithm.
I. INTRODUCTION
Energy harvesting (EH) is an efficient approach to prolong the network lifetime and improve the capacity of the energy constrained wireless networks [1] . Apart from the conventional energy resources, such as solar, wind, vibration, thermoelectric effects or other physical phenomena [2] , [3] , energy can be harvested from RF signals [4] . Simultaneous wireless information and power transfer realizes both useful utilizations of RF signals, and potentially offers great convenience to mobile users. Simultaneous information and power transfer over the wireless channels were studied in [5] - [8] . The idea of transmitting information and energy simultaneously was first proposed in [5] . A capacity-energy function was proposed to characterize the fundamental performance tradeoff for simultaneous information and power transfer. In [6] , two practical receiver structures were proposed, known as time switching (TS) and power splitting (PS). In the time switchingbased relaying (TSR) scheme, the relay node switches in time between information transmission and energy harvesting according to the TS parameter. In the power splitting-based relaying (PSR) scheme, the relay node achieves SWIPT by splitting the received signal into two streams of different power levels using the PS parameter. In [7] , the throughput of SWIPT was studied for different parameters, such as energy harvesting time, power splitting ratio and noise power. Unlike [5] - [7] , which considered the point-to-point single-antenna transmission, [8] investigated simultaneous wireless information and energy transfer in multiple-input multiple-output (MIMO) relay channels.
Cooperative communication improves the performance of wireless networks without using large transmission power, it is more efficient than the conventional point-to-point transmission [9] . Energy efficiency can be improved by the approaches proposed in [10] - [12] . The cooperative communication with simultaneous wireless information and power transfer can provide a potential solution to improve system capability [13] . [14] presented a statistical energy efficiency model. Applying this model, an optimal power allocation is then explored to maximize the energy efficiency under the sum rate constraint and the total power transmit constraint. Reference [15] presented an efficient algorithm to optimally schedule the data offloading and radio resources in order to maximize energy efficiency as well as fairness among mobile users. Relay selection has been regarded as the significant method to improve the capacity of system. The relay transmit information by using harvested energy in the SWIPT network, so the harvested energy will affect relay selection, it is different from conventional cooperative communication networks. The most well-known relay selection scheme is opportunistic relaying (OR), where the best relay is selected relies on global channel state information (CSI) [16] . Liu et al. [17] constructed a selection method to choose a subset of relay nodes and all the relay nodes in the subset participate in the cooperative transmission. The relay node which can harvest energy was first introduced in [18] . [19] addresses the resource allocation and relay selection problems in collaborative relay-assisted OFDMA networks. In [20] , the source node broadcasted the signal to all the relay nodes and a single node successfully decoded and forwarded the signal to the destination in the wireless powered cooperative networks. Reference [21] proposed the joint relay selection and power allocation schemes of an amplify-and-forward (AF) cooperative communication system, where the source node and the relay nodes are EH nodes. In [22] , direct transmission was considered and the relay node was selected dynamically based on the network channel conditions and the available energy of EH nodes.
In this paper, a decode-and-forward (DF) relaying network where the relay nodes can replenish energy from received RF signals is investigated. There are some challenges that need to be overcome.
1) How to design the optimal relay selection protocol for SWIPT network is worth to be investigated. In this paper, both energy of relay nodes and CSI are considered, the relay node is selected from the candidate subset depending on the maximum transmission from the relay node to the destination node, the candidate subset consists of the relay nodes with more transmission rate from the source node to the relay node. 2) The states of the other relay nodes in the candidate subset should also be considered. Other relay nodes in the subset can keep dormant or continue to harvest energy when the chosen relay node transmits information. When these relay nodes continue to harvest energy, the accumulated energy will affect the relay selection and throughput. The influence will be investigated in this paper.
A. CONTRIBUTIONS
In this paper, the relay selection problem in the SWIPT network is investigated. Different from the previous algorithms, we employ problem, the relay is selected for transmission from candidate subset. The detailed analyses of relay selection protocols for the TSR and PSR schemes will be introduced in the following sections. The contributions of this paper are as follows.
1) The transmission structures for the TSR and PSR are considered in this paper. We investigate relay selection protocols in the TSR and PSR schemes, respectively. The proposed algorithm has been compared with the traditional opportunistic relay selection algorithm. Simulation results show that system throughput can be greatly improved in the proposed protocol than previous works. 2) In this paper, both energy of the relay nodes and channel state are considered for relay selection. The relay node with the maximum transmission rate is selected from the candidate subset, the candidate subset is composed of relay nodes with more transmission rate from the source node to the relay nodes. The optimal relay selection protocol can avoid the overuse of the same relay node and improve the system stability.
3) The states of other relay nodes in the candidate subset can affect the system throughput. When the selected relay node transmits information, other relay nodes can continue to harvest energy, it will affect the relay selection in the next slot. There are few articles consider the influence on the system performance. The harvested energy in the TSR and PSR schemes is calculated in the following selection. The rest of this paper is organized as follows. The system model is specified in Section II. The proposed relay selection protocol and throughput analysis for the TSR scheme are introduced in Section III. The performance analysis for the PSR scheme is presented in the Section IV. Numerical results are shown and discussed in Section V, followed by conclusion in Section VI.
II. SYSTEM MODEL
As shown in Fig.1 , the system consists of one source node S, one destination node D and N relay nodes R 1 , R 2 , · · · , R N , the source node and destination node have batteries to supply stable energy, the relay nodes can harvest energy from received signals. The direct link between the source node and the destination node does not exist (the channel gain between source node and destination node is in deep fading), however, the source node can transmit information to the destination node via relay nodes. Both the transmitter and receiver are equipped with one antenna. In the proposed algorithm, the relay nodes with more transmission rate are selected to form the candidate subset, the source node broadcast FIGURE 1. The system model. information to the relay nodes in the candidate subset, then only one relay node is selected to decode and forward (DF) information to the destination node according to the maximum transmission rate from relay node to destination node. The size of candidate subset is denoted as M , the optimal size is analyzed in the following selection. The proposed relay selection algorithm is the conventional opportunistic algorithm when M = 1, the relay node is selected depending on the CSI. We assume that the processing power which is required by relay node to decode the source signal is negligible as compared to the power used for signal transmission [23] . In this paper, the distances between S → R i and R i → D are denoted by d S,i and d i,D , respectively.
The channel gains S → R i and S → R n are denoted by h S,i and h S,n , respectively. The channel gain R i → D is denoted by h i,D . The channel fading is assumed to be flat Rayleigh fading. We assume the CSI is unavailable at the source node, but is available at the relay node and destination receivers, which is inline with the previous work in this research field. Reference [23] proposed the architectures of relays in the time switching and power splitting schemes. The detailed analysis of the achievable throughput under these two strategies is given in the following sections. Whether other relay nodes (except for the selected node) continue to harvest energy or not when the selected relay node transmits information is also investigated in the following sections. Fig.2 illustrates the transmission block structure in the TSR scheme. T is the block time in which the information is transmitted from the source node to the destination node. α(0 ≤ α ≤ 1) denotes the time switching parameter, the relay node harvests energy in αT . During the remaining block time, the relay node receives the information from the source node in (1 − α)T /2 and the relay node transmits information to the destination node in another (1 − α)T /2. The relay node consumes all the harvested energy to forward signal. In the proposed algorithm, S broadcasts signal to all the relay node in the candidate subset, then the relay node R n is selected to forward information depending on the maximum transmission rate from relay node to the destination node. The following subsections introduce the proposed relay selection algorithm and the throughput analyses in the TSR scheme. We first consider the relay nodes in the selected subset keep dormant when the selected relay transmits information.
III. TIME SWITCHING-BASED RELAYING (TSR)

A. S → R i ENERGY HARVESTING AND INFORMATION TRANSMISSION
The receiver at the relay node consists of the energy harvesting receiver and the information receiver [23] . Firstly, the energy harvesting receiver receives the source signal for αT time, it can rectify the RF signal directly and get the direct current to charge the battery. We assume that the battery capacity of relay node is infinite. Then the received signal is sent to the information receiver (for (1 − α)T /2 time). The received signal in the relay node R i is expressed as
( 1) where P S is the transmission power of the source node. are the additive white Gaussian noise (AWGN).
In the proposed algorithm, the candidate relay subset consists of M relay nodes with more transmission rate from the source node to the relay node. So the maximum transmission rate need to be calculated for relay selection. The signal-noise ratio (SNR) γ TS S,i at the relay node R i is expressed as
where n TS S,i is channel noise, n TS
is the noise variance of the channel noise, σ 2
denote the noise variances of the AWGN n a S,i and n c S,i , respectively.
The maximum transmission rate from the source node to the relay node R i link, denoted by C TS S,i (in bps/Hz) are given by
The candidate relay subset consists of M relay nodes with more transmission rate than other relay nodes. The source node broadcasts signals to all the relay nodes in the candidate subset with the power P S , then one relay node can be selected to decode and forward information to the destination node. The harvested energy at the relay node R i is expressed as
where 0 ≤ η ≤ 1 is the energy conversion efficiency which depends on the rectification process and the energy harvesting circuitry [23] . VOLUME 6, 2018
B. R i → D ENERGY HARVESTING AND INFORMATION TRANSMISSION
The relay is selected from candidate subset depends on the maximum transmission rate. The information received from the relay node R i at the destination node is expressed as
where P TS i (l) is the transmission power of relay node 
where n TS i,D is the channel noise, which is AWGN,
is the noise variance of channel noise, σ 2 
where E TS i (l) is the energy for the relay node R i in the l-th block. All the relay nodes in the candidate subset can harvest energy from the received source signal and store the energy to the battery. Once the relay node is selected to transmit information, it will transmit the signal with all the energy. During each transmission, the harvested energy of relay node denoted as E TS 1i , since we assume other relay nodes in the subset are dormant when the selected relay node transmits information. The energy in every transmission is determined by the residual energy at the last transmission block and harvested energy, is given by
The maximum transmission rate from relay node to destination link, denoted by C TS i,D (l) (in bps/Hz), is given by
The relay node with the maximum transmission rate from the relay to the destination node is selected to forward information, this criterion can be expressed as
Through the above strategy, the relay node R n is selected to decode and forward information to destination. According to (3) and (9), the maximum transmission rate C TS (l) of the TSR scheme in the l-th block is given by
Then we consider the relay nodes in the candidate subset continue to harvest energy when the selected relay node transmits information. The relay node is selected according to the maximum transmission rate on the condition that relay nodes harvest energy for αT . As Fig.2 shown, all the relay nodes harvest energy in αT . During the remaining block time, the selected relay node receives the information from the source node in (1 − α)T /2 and transmits information to the destination node in another(1 − α)T /2, other relay nodes except for the selected relay node continue to harvest energy for (1 − α)T when the selected relay node transmits information. During the period of information transmission, the energy harvested by other relay nodes in the subset, denoted by E TS 2i , is given by
Algorithm 1 is the pseudo code of proposed group-based relay selection algorithm in the TSR scheme. In the algorithm 1, the initial energy of S is denoted as E S . The energy of source node can not be exclusively used for data transmission, for example, some fraction of energy must dedicate to ranging, carrier sensing and signaling, etc. We introduce energy threshold δ in the algorithm to indicate that the source node is considered dead when the residual energy of source node falls below δ . When the source node S is dead, the algorithm will then terminate. In the TSR scheme, the effective communication time from source to destination is (1 − α)T /2 in the block time T and the source node transmits signals at a fixed rate which is equal to the maximum transmission rate, i.e, C TS (l) bps/Hz. The throughput for source node to destination node before the source node dead can be calculated, which is denoted by τ TS bps/Hz and given by
where B is denoted as the transmission time blocks until the source is dead.
The following simulations investigate the influence of M on the system throughput. According to simulations, we find that there is an optimal size under different conditions. Fig.3 illustrates the transmission block structure in the PSR scheme, the received power in the relay node is denoted as P and T is the block time. The relay node receives information from source in the time T /2, and the relay node transmits information to destination node in the remaining half time. 
IV. POWER SPLITTING-BASED RELAYING (PSR)
C S,i = log 2 (1 + SNR1 S,i );
The transmission power of relay node R i is 12:
13:
14:
15:
The candidate subset consists of M relay nodes with more transmission rate; 17: Choose the relay node R n according to (10); 18: The maximum transmission rate in the system 19: 20: ε S = ε S − P S × T ; 21: end if 22: l = l + 1; 23: end while
25: The relay node in the candidate subset can continue to harvest energy when the selected relay node transmits information; 26: During the first half time, the relay node harvests energy from the fraction of the received power ρP.
(1 − ρ)P is used for transmitting source signal to the relay node, where ρ ∈ (0, 1) is power splitting parameter. In the proposed algorithm, S broadcasts signal to all the relay node in the candidate subset, then the relay node R n is selected to forward information depends on the maximum transmission rate from relay node to the destination node. The details of proposed algorithm in the PSR scheme are studied in the following sections. The state of other relay nodes is also considered. We first investigate the situation that other relay nodes in the candidate subset stay dormant when the selected relay node transmits information.
A. S → R i ENERGY HARVESTING AND INFORMATION TRANSMISSION
In the PSR scheme, the received power is split in ρ : 1 − ρ proportion at the relay node. The received signal in the relay node R i is expressed as
The SNR at the relay node R i is expressed as
where n PS S,i is channel noise, which is AWGN, n PS
is the noise variance of channel noise, 
The candidate relay subset consists of M relay nodes with more transmission rate than other relay nodes. The source node broadcasts signal to all the relay nodes in the candidate subset with the power P S , then only one relay node is selected to decode and forward information to destination node. The harvested energy at the relay node R i in the PSR scheme is given by
where η(0 ≤ η ≤ 1) is the energy conversion efficiency.
B. R i → D ENERGY HARVESTING AND INFORMATION TRANSMISSION
In the proposed algorithm, the relay with the maximum transmission rate is selected from candidate subset to transmit information. Therefore, the transmission rate from the relay node to the destination node need to be calculated. The information received from the relay node R i at the destination node is expressed as 
where n PS i,D is the channel noise, which is AWGN,
is the noise variance of channel noise, σ 2 The relay node with maximum transmission rate is selected to transmit information to the destination node. The selected relay node consumes all the harvested energy for transmission. The relay decodes and forwards information to destination with the power P PS i (l). The transmission power for the relay node is given by
As mentioned above, E PS i (l) is the energy for the relay node R i in the l-th block, and the energy is provided from the source node by energy harvesting. During each transmission, the harvested energy of relay node is E PS 1i since we assume other relay nodes in the subset are dormant when the chosen relay node transmits information. The residual energy is determined by the energy at the last transmission block and the harvested energy, is given by
The maximum transmission rate from relay node R i to destination node link C PS i,D (l) (in bps/Hz) is expressed as
The relay node with the maximum transmission rate from relay node to destination node is selected to transmit information, the criterion is expressed as
Through the above strategy, we choose the relay node R n to decode and forward information to destination node. According to (16) and (22), the maximum transmission rate for the PSR scheme in the l-th block C PS (l), is given by
In the next, we consider other relay nodes in the selected subset continue to harvest energy when the selected relay node transmits information. In this case, relay node is selected on the condition that relay nodes harvest energy from ρP for T /2, As Fig.3 shown, during the first half time, all the relay node harvests energy from the fraction of the received power ρP, the selected relay node receives information from (1 − ρ)P, other relay nodes except for the selected relay node continue to harvest energy. During the transmission, the additional energy harvested by the other relay nodes in the candidate subset E PS 2i is given by The current slot l = 1;
The initial energy of relay node R i is 0, E i [0] = 0; 7: while ε S ≥ δ S do 8:
11:
if M ≥ 1 then
16:
The candidate subset consists of M relay nodes with more transmission rate; 17: Choose the relay node R n according to (23) ; 18: The maximum transmission rate in the system 19:
20:
end if 22: l = l + 1; 23: end while
25: The relay node in the candidate subset can continue to harvest energy when the selected relay node transmits information; 26:
Algorithm 2 is the pseudo code of the proposed group-based relay selection algorithm in the PSR scheme. In the algorithm 2, the initial energy of S is denoted as E S . The energy of source node can not be exclusively used for data transmission. In the PSR scheme, the effective communication time from source to destination is T /2 and the source node transmits information at a fixed rate which is equal to the maximum transmission rate, i.e, C PS (l) bps/Hz, the throughput transmitted before source node dead τ PS bps/Hz is given by
where B is denoted as the transmission time blocks until the source is dead. We conduct simulations to evaluate the influence of the size M for throughput in the following sections.
V. SIMULATIONS
This section analyzes the throughput of the proposed relay selection algorithm in the TSR and PSR schemes, respectively. The proposed algorithm is the conventional opportunistic method when the size M = 1, where the relay with the best CSI is selected to transmit information. Fig.4 shows the node distribution of the network, there are 10 (N = 10) relay nodes located between source node S and destination node D. These nodes are placed in an area of 4 * 4m 2 . The simulation setup is as follow: The energy harvesting efficiency η is set to be 1 in this paper. The transmission power of source node P S = 1W , and path loss exponent is m = 3. The block duration is T = 0.1s. The initial energy for source node, E S = 5J and the minimum energy threshold δ is set as 1J . For simplicity, we assume that similar noise variance at the relay nodes and destination node, i.e, antenna noise variance, σ 2 n a = σ 2 Fig.5 illustrates the throughput in the proposed relay selection algorithm is improved compared to exiting methods. When the candidate subset size M is small, the candidate relay nodes are limited, it will be harmful to the achievable diversity gain. When M is large, the relay node will be selected depends on the maximum transmission rate from relay node to the destination node in the proposed algorithm, the maximum transmission rate from the source node to the selected relay node may be small, it will cause the system transmission rate to be small, so the throughput drops when M beyond certain value. The throughput is maximum when the size is optimal. As Fig.5 shown, for different time switching parameters, the optimal size can be always obtained. The optimal size is 7 when α = 0.4, the optimal size is 6 when α = 0.5, 0.6. In the TSR scheme, the selected relay node transmits information with harvested energy. The relay node harvests energy from the source node in αT and transmits information in the (1 − α)T /2. When harvested energy is enough, the throughput is improved with transmission time (1 − α)T /2 improvement. continue to harvest energy when the selected relay node transmits information. The throughput of proposed algorithm is improved compared to conventional relay selection algorithm. As Fig.6 shows, there is an optimal size for different parameters and the optimal size is 6. When harvested energy is enough, the throughput is improved with transmission time (1 − α)T /2 improvement.
FIGURE 7.
Throughput in two case that other relays keep dormant or continue to harvest energy in the TSR scheme. Fig.7 plots the throughput versus varied M in two condition. The parameters α = 0.5. TS1 plots the throughput on the condition that other relay nodes in the candidate subset keep dormant when the selected relay node transmits information, TS2 plots the throughput on the condition that other relay nodes continue to harvest energy when the selected relay node transmits information. Fig.7 illustrates the throughput when other relays continue to harvest energy outperforms the throughput when other relays keep dormant, because the relay nodes can harvest more energy for transmission in this situation. Although the parameters are the same, the status of other relay nodes is different, the optimal size of subset is not the same. As Fig.7 shown, the throughput is same whether other relay nodes harvest energy or not when the size of the candidate subset size M = 1. There is no other relays in the subset can harvest energy. Fig.8 illustrates the throughput in the proposed relay selection algorithm is improved compared to the exiting method. When the candidate subset size M is small, the candidate relay nodes are limited, it will be harmful to the achievable diversity gain. When M is large, the relay node will be selected depends on the maximum transmission rate from relay node to the destination node in the proposed algorithm, the maximum transmission rate from the source node to the selected relay node may be small, it will cause the system transmission rate to be small, so the throughput drops when M beyond certain value. The throughput is the maximum when the size of subset is optimal. As Fig.8 shown, there is an optimal size for different parameters, the optimal size is 8 when the parameter ρ = 0.4, 0.5, the optimal size is 7 when the parameter ρ = 0.6. The relay node receives information and harvests energy from source in the time, T /2. During the time, the relay node harvests energy from the fraction of the received power ρP. (1 − ρ)P is used for transmitting source signal to the relay node. When harvested is not enough, the throughput increases with the improvement of the power-splitting parameter. , and other relay nodes continue to harvest energy when the selected relay node transmits information. The throughput of proposed algorithm is improved compared to conventional relay selection method. As Fig.9 shows, there is an optimal size for different PS parameters. The optimal size is 6 and the throughput is maximum. When harvested energy is enough, the throughput is improved with power-splitting parameter ρ decrease. Fig.10 plots the throughput versus varied M in two case. The PS parameter is ρ = 0.5. PS1 plots the throughput on the condition that other relay nodes in the candidate subset keep dormant when the selected relay node transmits information, PS2 plots the throughput on the condition of other relay nodes in the candidate subset continue to harvest energy when the selected relay node transmits information. The optimal size of subset is different when the condition is different. Fig.10 illustrates the throughput when other relays harvest energy outperforms the throughput when other relays keep dormant, because relay nodes harvest more energy in this situation. As Fig.10 shown, the throughput is same whether other relay nodes harvest energy or not when the size of subset M = 1, there is no other relay node in the subset can harvest energy.
VI. CONCLUSION
This paper proposes a novel relay selection algorithm in simultaneous information and power transfer network. In the proposed algorithm, the relay node is selected from candidate subset depends on the transmission rate, the candidate subset consists of the relay nodes with more transmission rate than other relay nodes. The residual energy of relay node and the channel state information are both considered in this algorithm. Both TSR and PSR schemes are considered. The proposed algorithm avoids overuse of the same relay node in the transmission and improve the stability of the system. The simulations indicate that the throughput in the proposed algorithm outperforms the conventional opportunistic algorithm. We note that the security of the system with relay is critical, and additional relay nodes are involved may increase the security threats, there is interference among the relay nodes. How to improve the system security and stability, and decrease the interference needs to be investigated in the future work. The channel noise also can be the RF energy source in the future research. 
